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Objectives 

•  To review the terminology of benign follicular epithelial 
proliferations  

•  To review the diagnostic features of malignant follicular 
neoplasms with special emphasis to the diagnostic nuclear 
features of PTC and reactive atypia 

•  To review challenges related to oncocytic change  
•  To be able to define capsular invasion, vascular invasion 

and extrathyroidal extension 
•  To be able to recognize dedifferentiation in follicular 

neoplasms 
•  To be aware of ancillary tools and their limitations 



Which of the following statements is incorrect? 

A)  Emerin can be used to highlight the nuclear features of PTC 
B)  Classical morphological criteria are not usually helpful to 

distinguish adenoma from hyperplasia in the setting of 
multinodular goiter 

C)  The presence of thrombus is not required to diagnose 
vascular invasion 

D)  Skeletal muscle invasion is the hallmark of extrathyroidal 
extension in lateral lobes 

E)  Genetic programming software can be used as an ancillary 
tool in the diagnosis of follicular epithelial proliferations  



Can we distinguish morphologically 
hyperplastic follicular lesions  

from follicular adenomas? 
 

   
 

   



What do you think? 
Adenoma? or Hyperplasia? 



Hyperplasia vs Adenoma 

Hyperplasia 

•  An increase in the number 
of cells in an organ that is 
induced by known stimuli 

 
•  Reversible process 
    Stops when the environmental 

stimulus is removed 

Adenoma 
•  A proliferation  of cells that 

exceeds and is uncoordinated 
with that of normal tissues  

 
•  Irreversible process 
     Genetically transformed cells 
     Benign Neoplasm  

  



Classical Morphological Criteria 
Hyperplasia 

•  Multiple 
•  Poorly encapsulated 
•  Heterogeneous architecture 
•  Heterogeneous cytology 
•  Comparable areas in adjacent 

gland 
 

Adenoma 
•  Solitary 
•  Encapsulated 
•  Uniform architecture 
•  Uniform cytology 
•  Different from surrounding 

gland 



Follicular adenoma: Solitary follicular proliferation, no capsular or vascular invasion 



Follicular adenoma: Uniform cytology; no PTC nuclei 



Molecular Biological Perspective 
 

•  Clonality studies have suggested that  
Ø  neoplasms are monoclonal  
Ø  hyperplasias are polyclonal 

•  Polyclonal and monoclonal thyroid nodules coexist 
within human multinodular goiters 

  Kopp et al. JCEM 1994;79:134-9. 
  Apel et al. Diagn Mol Pathol 1995;4:113-21. 

 



Classical Criteria to distinguish Adenoma from 
Hyperplasia have limited value in MNG  

•  Monoclonal (M) 
   Adenoma 

 
•  Polyclonal (P) 

Hyperplasia 

•  Classical criteria are no 
longer valid in MNG! 

 
•  Multiple adenomas!! 

 

 
 



Papillary Hyperplasia is a misnomer 
Follicular adenoma with papillary architecture  



Kondo T, Ezzat S, Asa SL. Cancer 2006;6:292-306 



 
Subclinical or Clinical 

Hyperthyroidism 

Clonal nodules 
with activating 

Gsα-TSHR 
mutations 



The birth of a more unifying terminology  
“Follicular Nodular Disease” 

•  Classical criteria are alone not 
valid! 

•  ~70% of dominant nodules are 
monoclonal (adenomas) 

•  Regardless of their size, benign 
nodules with papillary architecture 
are better categorized as adenomas 

 
	  
	  



Malignant Follicular Epithelial 
Neoplasms 

 
 

   
 

   



Malignant Follicular Epithelial Neoplasms 

Ø Well differentiated thyroid carcinoma 
           -Papillary thyroid carcinoma  

   *nuclear features 
           -Follicular thyroid carcinoma 

   *capsular and/or vascular invasion 
        
Ø Poorly differentiated thyroid carcinoma 

 
Ø Anaplastic thyroid carcinoma 

  



Diagnostic Nuclear Features of 
Papillary Thyroid Carcinoma  

 
 

   
 

   



Diagnostic Nuclear Features of Papillary Carcinoma  

•  Nuclear enlargement 
   -nuclear crowding, overlapping 

      -loss of basal polarization (especially in papillary lesions) 
•  Nuclear membrane irregularity 

   -Oval and elongated nuclei 
      -Angulations  

   -Indentations, Grooves 
   -Intranuclear pseudoinclusions* 

•  Prominent micronucleoli 
•  Chromatin margination   
 
 



 
 



Tall cell and classical 
variants usually exhibit 
florid nuclear features 

Tall cell change: 
Height to width >3 



 
 



 
 

Confocal Microscope Analysis and 3D-Reconstruction of PTC Nuclei 

Virchows Arch (2004) 444:350–355 



Involvement of centrosomes in nuclear irregularity of PTC cells 
Virchows Arch 2009:455:149-57   



Other Features  of Papillary Carcinoma  
(Texture Analysis)  

•  Follicular texture changes 
   -Irregular and distorted follicules 

      -Dark colloid formation 
 
•  Multinucleated giant cells of macrophage derivation 
      -usually scattered amongst the papillae 

   -sometimes in follicular lumens 
 
•  Psammoma bodies 
      -concentrically laminated spherical bodies 

   

 



Texture changes in FVPTC 



Cytological atypia (nuclear atypia) can 
sometimes be a reactive phenomenon! 

 



Endocrine Atypia does not count for malignancy 

Radiotherapy  

Dyshormonogenetic goiter 



Why areas of degeneration are  important  in follicular epithelial 
proliferations 





Reactive Atypia 



WHAFFT 
     (Worrisome Histological Alterations Following FNA of the Thyroid) 



The assessment of degeneration and cytological atypia requires the 
examination of the entire nodule!!! 



Malignant Tranformation within Nodules:  
Another reason to submit the nodules in toto 

0.8	  cm	   1.0	  cm	  

1.1	  cm	  

0.5	  cm	  

0.3	  cm	  

Nodule size: 5 cm 
Unifocal transformation: 0.8 cm 
 
Papillary microcarcinoma arising in FA 

Nodule size: 5 cm 
Multifocal transformation 
The entire nodule is staged as PTC: 5.0 cm 
Papillary carcinoma, 5.0 cm 



WHAFFT vs PTC 
•  Re-assess follicular 

texture 
 
•  Immunohistochemistry 

 -HBME-1 
 -CK19 
 -Galectin-3 

 
•  Molecular Studies 

•  Submit the nodule in 
toto if you have not 
already! 

 



Atypia is not restricted to the sites of degeneration: FVPTC 

WHAFFT	  vs	  FVPTC	  



Reactive Atypia in Chronic Lymphocytic thyroiditis 



Does Atypia-Dysplasia-Carcinoma sequence exist in  
chronic lymphocytic thyroiditis??? 

	  
      HBME-1, CK19, Galectin-3 
      (Chui et al. in preparation)*  
 
 





Oncocytic papillary microcarcinoma 
arising in a background of chronic 

lymphocytic thyroiditis 







Oncocytic Change can be seen in 
any thyroid lesion 



Oncocytic Change 

•  Oncocytic change has its own molecular basis unrelated to 
that of the underlying neoplasm 

•  Oncocytes are ATP defective cells 
Ø Abnormal mitochondria accumulation  
Ø The term “Hurthle cell carcinoma” is no longer valid 
 
•  The criteria for diagnosing oncocytic lesions are the same as 

those applied to follicular lesions that do not contain 
oncocytic cells  



Look for nuclear membrane irregularity as you do for other PTC 



Oncocytic PTC may exhibit hyperchromatic nuclei 



Oncocytic PTC 



Oncocytic lesions can undergo infarction  
after FNA! 



Sometimes easy looking lesions  
can be challenging! 

  
 

   
 

   



Medullary	  thyroid	  carcinoma,	  pseudopapillary	  variant	  	  



Medullary	  thyroid	  carcinoma,	  pseudoglandular	  or	  follicular	  variant	  	  



Medullary	  thyroid	  carcinoma,	  oncocy?c	  variant	  	  



Parathyroid proliferation with 
adenoid architecture 

PTH	  



 
 

Clear cell lesions  
1.  Intrathyroidal parathyroid lesions 
2.  Follicular lesions with clear cell change 
3.  C-cell lesions with clear cell change 
4. Metastatic carcinomas with clear cell change 
 

       Metastatic RCC 
                     

Clear cell  variant PTC 



Do not underestimate Macrofollicular Architecture 
 

Macrofollicular variant PTC 



Do not underestimate large cystic lesions 
Submit the lesion in toto!! 



Does Follicular Carcinoma exist? 
 
 
 

   
 

   



 
Follicular Thyroid Carcinoma (FTC) 

•  Capsular invasion 
•  Vascular invasion 
•  No PTC nuclei 
 
•  Very rare!!! 
    -dietary iodine supplementation 
    -increasing recognition of the 

diagnostic cytological features 
of FVPTC 

    -molecular profile is similar to 
FVPTC!! 

 
 



 
Metastatic FTC or FVPTC? 

 



Capsular Invasion 
 
 

   
 

   



Capsular Invasion 



Vascular Invasion 
 
 

   
 

   



Angioinvasion 
Mete O and Asa SL. Mod Pathol. 2011 Jul 29. [Epub ahead of print] 

• Pathological Definition of Vascular Invasion: 
Tumor cells invading through a vessel wall and thrombus adherent to intravascular tumor 
 
• In our series (the rate of angioinvasion is ~3%) 
 ~1/3 of angioinvasive well differentiated thyroid carcinomas and 
 ~1/2 of angioinvasive poorly differentiated thyroid carcinomas develop distant metastases  



Pseudoangioinvasion 

Mete O, Asa SL. Mod Pathol. 2011 Jul 29.	  



Extrathyroidal extension (ETE) 
 
 

   
 

   





Skeletal Muscle invasion is the hallmark of ETE in the lateral lobes 
  

 The interpretation of ETE is problematic in the isthmus because of the 
normal proximity of muscle and thyroid follicles (Soemmering muscle)  

Extrathyroidal Extension  Desmoplastic tissue reaction: no ETE 
             Look for the striation! 
 



Well differentiated thyroid carcinomas 
may contain areas of focal (<30%) 

dedifferentiation 
  
 

   
 

   



WHO 2004à WHO Turin Proposal 2009 

1.  Presence of conventional diagnostic criteria for thyroid malignancy and 
follicular cell derivation of tumour cells 

2.  Presence of a solid, trabecular, or insular pattern of growth  
3.  Absence of the unequivocal nuclear features of PTC 
4.  Presence of one of them: 
            -convoluted nuclei  
            -mitotic activity (>3 mitoses /10 HPF)  
            -necrosis (including single cell necrosis/apoptosis) 



Solid, trabecular 
and insular growth 

Increased mitotic 
activity (     )  and  

single cell necrosis (   ) 



Ancillary techniques  
 
 

   
 

   



Ancillary tools 

1-Immunohistochemistry 
	  Cell origin: Thyroglobulin, TTF-1, CEA, Chromogranin, Calcitonin, PTH 
 Malignancy: HBME-1*, CK19*, Galectin-3**  
 Nuclear Morphology: Emerin 

           *membranous, **nuclear  
      
2-Molecular Biology 

  BRAF mutations, RET/PTC rearrangements 
 
3-Genetic Programming Software “Texture Analysis” 

 Mete O, Pressman I, Potetz B, Asa SL. Mod Pathol 2010;23(Sp1):131A 
    6 % false positivity and 6% false negativity 

    
 
 
 
 

HBME-1 Galectin-3 CK19 





Texture Analysis 







Which of the following statements is incorrect? 

A)  Emerin can be used to highlight the nuclear features of PTC 
B)  Classical morphological criteria are not usually helpful to 

distinguish adenoma from hyperplasia in the setting of 
multinodular goiter 

C)  The presence of thrombus is not required to diagnose 
vascular invasion 

D)  Skeletal muscle invasion is the hallmark of extrathyroidal 
extension in lateral lobes 

E)  Genetic programming software can be used as an ancillary 
tool in the diagnosis of follicular epithelial proliferations  



 
Conclusions 

•  Classical morphological criteria are no longer valid to distinguish adenoma 
from hyperplasia 

•  The diagnosis of malignancy is based on the presence of invasion or nuclear 
features 

•  The hallmark of PTC is heterogenous nuclear membrane irregularities 
•  Nuclear atypia can sometimes be reactive 
•  Nodules should be submitted in toto 
•  Oncocytic PTC may have hyperchromatic nuclei 
•  MTC can sometimes mimic PTC 
•  Do not underestimate easy-looking lesions 
•  Look for thrombus adherent to intravascular tumor to call VI 
•  Muscle invasion is the hallmark of ETE in the lateral lobes 
•  When you have a follicular lesion with S, T, I growth, look for mitotic activity 

and necrosis to rule out dedifferentiation 
•  HBME-1, CK19 and galectin-3 are valuable, and can sometimes be negative in 

FVPTC 
•  When you are not sure, ASK FOR SECOND OPINION! 



Thank you! 


